Previous studies of biotin concentration in natural waters are few. Hutchinson (5) in 1943 and Hutchinson and Setlow (6) in 1946 reported biotin in Linsley Pond and Bantam Lake in Connecticut ranging from 0.1 to 4.3 ng/liter. More recently biotin concentration in seawater has been reported by several workers. Antia (1) reported no detectable biotin at a station 43°N, 141°W in the north-eastern Pacific Ocean at depths from 5 to 3,000 m. Litchfield and Hood (8) and Carlucci and Silbernagel (2) reported biotin levels of from 0 to about 4.6 n/liter in samples from the Gulf of Mexico and north Pacific Ocean, respectively. Natarajan (9) showed detectable amounts ofbiotin in 38% of 21 samples in amounts ranging to 3.1 ng/liter in surface waters off southeast Alaska.
In contrast to these levels, a study by Neujahr and Hartwig (10) in Sweden indicated that samples of various fractions from a conventional sewage treatment plant yielded biotin concentrations as high as 50,000 ng/liter.
A sewage oxidation lagoon located at Grafton, N.D., yielded samples with biotin ranging from 55 to 10,800 ng/liter. This lagoon receives, in addition to domestic sewage, large quantities of potato processing wastes resulting in winter and spring anaerobic conditions followed during summer treatment by a purple sulfur bacterial phase in the primary and occasionally in the I Presented at the 70th Annual Meeting of the American Society for Microbiology, Boston, Mass., 26 April-I May, 1970. secondary cell (4) . The purple sulfur phase generally gives way to the algal phase during the late summer. Concomitant stabilization of the mixture of domestic and potato processing wastes occurs.
Previous work in our laboratory has established an apparent relationship between the purple sulfur populations and acetate (4) . Utilization of acetate occurs during the peaking of the purple sulfur populations. Additionally, it was suggested that formate utilization may be due to methane bacteria.
This study investigated the occurrence of the vitamin biotin in a sewage oxidation lagoon at Grafton, N.D., and in certain other aquatic environments. The production and utilization of biotin were established for several organisms isolated from the lagoon. The study included determinations on wastes from the Grafton lagoon, several other municipal and industrial oxidation lagoons in the Red River Valley of the North, the Red River which receives effluents from these municipal and industrial lagoons, and several other sources.
MATERIALS AND METHODS
Aquatic system. The two-celled sewage oxidation lagoon at Grafton, N.D., was the principal environment studied. The primary and secondary cells of this lagoon each have an area of 70 acres and were designed to be operated at liquid depths from 3 to 5 ft. Continuous flow-through from the primary to the secondary lagoon occurs. Discharge from the second-49 50 FILLIPI Al ary lagoon is usually limited to the fall of the year after stabilization of the waste occurs (hydraulic loading may at times dictate earlier discharges). The primary cell is loaded at about 225 lb of biochemical oxygen demand (BOD) per acre per day during the processing season (September through May). Summer loadings on the primary cell are about 15 lb of BOD per acre per day [an acceptable areal loading for oxidation lagoons at this location north latitude for all seasons of the year (3)]. Lagoon samples were taken from the primary and secondary cells of this lagoon at weekly intervals during the summer of 1969.
Biotin assay. Biotin determinations were facilitated by the microbiological assay with Lactobacillus plantarum ATCC 8014 as the test organism with the addition of Tween 80 to the basal medium by the method of Waller (14) .
Biotin production. The biotin-synthesizing ability of a variety of lagoon heterotrophs isolated in pure culture from the lagoon was determined. Pure cultures were isolated on MacConkey, eosin methylene blue, endo, nutrient, and tryptone glucose extract agar (Difco) and incubated both aerobically and anaerobically at 30 C for 24 and 48 hr. Modified Wright-Skeggs medium (15, 16) Membrane-filtered (Millipore Corp.) samples of lagoon wastes inoculated with pure cultures of the purple sulfur bacterium T. floridana also showed utilization of biotin. Incubation at 30 C either with or without illumination showed removal of about 50%Xt of the biotin present in the tested sample (Table 4) . Uninoculated controls showed no loss of biotin during the same period of incubation.
Biotin concentrations in receiving streams. Bio- tin levels in several other domestic and industrial wastes varied from 10 to 4,400 ng/liter, respectively (Table 5 ). The synthesis of biotin in these wastes appears to be related to the amount of organic materials present in the waste, since concomitant determinations for BODa show the highest level of biotin in those wastes of highest BOD5 strength. The results of BOD, and biotin determinations on the Red River of the North from a point above waste effluents (0 miles) and several points below waste effluents (miles 22 through 188) are presented in Table 6 . Several municipalities and occasionally a sugar processing plant discharge their effluents into the Red River just beyond mile 0 (13). The results of spring "break-up" appear in the April samplings and display the effects of additional effluents reaching the Red River.
DISCUSSION
Ecological relationships between organic and microbial species in aquatic environments must be described before a complete understanding of the desired effects of treating wastes in oxidation lagoons can be realized. Additionally the parameters for the detection of water pollution (or more specifically stream biology) must again relate to these organic and microbial species interactions.
The vitamin biotin appears useful as an indicator of microbial action in waste lagoons receiving municipal and food processing wastes. It has been demonstrated in this paper and by others (10) that large amounts of biotin are synthesized in domestic and industrial wastes. Although many organisms may be responsible for production and utilization of the vitamin, the results presented here suggest that the enteric organisms (as coliforms) are among the producers of biotin in the aquatic system examined.
Biotin production by A. aerogenes, as reported here, was not a new finding in that Landy and Dicken (7) noted some 30 years ago that their strain of A. aerogenes could produce up to 3,400 ng of the vitamin per liter. Other studies (2) have indicated biotin to be required by certain marine algae.
Our experiments verified these observations in that pure culture studies revealed at least three microorganisms potentially responsible for fluc- 
